Little is known about the association of angiomyolipoma and adult renal-cell neoplasia. We studied the clinicopathologic features of 36 patients with concurrent angiomyolipoma and renal-cell neoplasia from the consultation and surgical pathology files of nine institutions. HMB-45 immunoreactivity was analyzed in both neoplasms. Twenty-five sporadic cases of patients with angiomyolipoma and renal-cell neoplasia and 11 cases of patients with tuberous sclerosis, as defined by Gomez' criteria, had mean ages of 59 and 53 years, respectively, and female-male ratios of 2:1 and 5:1, respectively. The mean size of the angiomyolipomas was 1 cm in the sporadic cases and 3 cm in those patients with tuberous sclerosis (medians: 0.5 and 3 cm, respectively, P ‫؍‬ .002). The mean sizes of the renal-cell neoplasms were 5 cm in sporadic cases and 6 cm in patients with tuberous sclerosis (medians: 4 and 5 cm, respectively; P ‫؍‬ .88). In both clinical settings, angiomyolipoma was more commonly the incidental tumor. Clear-cell (conventional) renal-cell carcinoma was the most common renal-cell neoplasm in both groups of patients, accounting for approximately two thirds of the tumors. In patients with tuberous sclerosis, 27% of renal-cell neoplasms were oncocytomas, compared with 8% in sporadic cases (P ‫؍‬ .15). Papillary neoplasia, chromophobe, and collecting-duct renal-cell carcinoma were found only in sporadic cases. All of the 22 renal-cell neoplasms studied were negative for HMB-45, whereas all 25 angiomyolipomas studied were positive.
The occurrence of angiomyolipoma in association with a renal-cell neoplasm is uncommon, with only approximately 50 cases reported . Although angiomyolipomas are extremely common in patients with the tuberous sclerosis complex (38) , it is unclear whether patients with tuberous sclerosis have more renal-cell neoplasms than the general population.
Our understanding of the biology and clinical behavior of angiomyolipoma and renal-cell neoplasia has recently been augmented by several important developments. There is strong evidence that angiomyolipomas, for a long time considered to be hamartomatous, are actually neoplasms (39, 40) . The morphologic spectrum of angiomyolipoma has been recently expanded to include an epithelioid variant, which is capable of a more aggressive behavior than the classic form (41) (42) (43) . Further, the recent description of the perivascular epithelioid cell family of tumors (44) , to which angiomyolipoma belongs, has expanded our knowledge of entities that would fall into the differential diagnosis of angiomyolipoma and renal-cell neoplasms. Similarly, our knowledge of tuberous sclerosis has been strengthened by the definition of a constellation of phenotypic diagnostic criteria and the discovery of the genes involved in its pathogenesis (45) (46) (47) . Last, our understanding of the biologic potential of renal-cell neoplasms has been recently expanded with the adoption of a widely accepted classification (48) that is based on distinct histologic features that correlate closely with consistent genetic abnormalities.
We undertook a detailed clinicopathologic study to ascertain the frequency of the concurrence of angiomyolipomas and renal-cell neoplasms in the same patient, whether any particular histologic type of renal-cell neoplasm is more frequently associated with angiomyolipomas, and whether the clinical presentation or behavior of either neoplasm is different compared with when they occur in isolation. Furthermore, we studied whether there was any difference in the presentation or behavior between patients with and without tuberous sclerosis.
MATERIALS AND METHODS
Surgical pathology records of nine institutions and the consultation files of the authors were searched for the diagnosis of renal angiomyolipoma. Patients that had coexistent, precedent, or subsequent renal-cell neoplasia were included in the study.
Clinical information was obtained from the patients' medical records and treating physicians and included age at presentation, gender, any personal or family history of tuberous sclerosis, and follow-up information. A patient was considered to have tuberous sclerosis if there was a clinical diagnosis of the disease or, according to Gomez' criteria (47) , if there were multiple angiomyolipomas. Hematoxylin and eosin-stained sections of each neoplasm were reviewed. Renal epithelial neoplasms were classified according to the Rochester classification (48) . Other pathologic features noted included size of the tumor and multifocality. Fuhrman nuclear grade and 1997 UICC/AJCC TNM pathologic stage were determined for malignant renal-cell neoplasms. Size, histologic type, and multifocality of angiomyolipoma were recorded. Because many of the cases were seen in consultation and all of the cases were retrieved retrospectively from nine institutions, gross sampling of tumors was not performed in any predictable, standardized manner.
At least one block from each neoplasm (available for 22 renal-cell neoplasms and 25 angiomyolipomas) was retrieved, and sections were submitted for immunohistochemical staining for monoclonal HMB-45 (DAKO, Carpenteria, CA; dilution, 1:40).
Statistical analysis was done with SPSS software, Version 7.0, for Windows 98. Fisher's Exact test was used to analyze frequency data, whereas the Student's t test was used for numerical data. P values of less than .05 were considered significant.
RESULTS
A total of 36 cases of coexistent renal-cell neoplasia and angiomyolipoma were identified from nine institutions and/or consultation files of the authors. Eighteen cases from five institutions were identified from a review of approximately 2160 nephrectomies performed for a renal mass, suggesting an incidence of slightly less than 1% (data were unavailable for the remaining four institutions). Clinical features are summarized in Table 1 . In one case, the renal-cell neoplasm preceded a contralateral angiomyolipoma by 11 months, whereas in 35 cases, both neoplasms were diagnosed simultaneously. Additionally, one of these patients had a partial nephrectomy 6 years later for a contralateral angiomyolipoma. In 19 cases, both neoplasms occurred in the left kidney, in 10 they occurred in the right kidney, and in 4, the side was not specified. One patient had a renal-cell neoplasm in the left side and bilateral angiomyolipomas, and two patients had bilateral renal-cell neoplasms and an angiomyolipoma in the left kidney. One of the patients with bilateral renal-cell neoplasms had autosomal-dominant polycystic kidney disease.
Eleven patients (31%) had tuberous sclerosis. Of these, only six had a clinical diagnosis of tuberous sclerosis; in the remaining five, the diagnosis was made based on the presence of multiple angiomyolipomas (47) . The mean ages for the sporadic and tuberous sclerosis-related cases, respectively, were 59 and 53 years (P ϭ .365), and the female-to-male ratios were 2:1 and 5:1. Twenty-eight cases were managed with total nephrectomy (Fig. 1) , seven with partial nephrectomy, and one with a radical and a contralateral partial nephrectomy. In both sporadic and tuberous sclerosis-associated patients, angiomyolipoma was more commonly the incidentally found tumor. This was also true within the category of tuberous sclerosis-associated patients (those with clinical history of tuberous sclerosis versus those assigned as tuberous sclerosis based on Gomez' criteria of multifocality). For angiomyolipomas occurring sporadically, the mean and median sizes were 1.0 and 0.5 cm, respectively, compared with 3.3 and 2.7 cm for those occurring in association with tuberous sclerosis (P ϭ .002). Within the tuberous sclerosis category, the mean size of tumors in patients with clinical history of tuberous sclerosis was 4.1 cm (range, 0.2 to 9.0 cm), whereas the mean size of tumors assigned as tuberous sclerosis based on multifocality (Gomez' criteria) was 2.8 cm (range, 0.5 to 5.5 cm). The mean and median sizes of renal-cell neoplasms in sporadic cases were 5.7 and 3.7 cm, respectively, and in tuberous sclerosis-associated cases, were 5.6 and 5.0 cm (P ϭ .769). In patients with tuberous sclerosis, no renal-cell neoplasm was multifocal, whereas all 11 patients had multifocal angiomyolipomas. In contrast, in the sporadic setting, 7 of the 23 patients had multifocal renal-cell neoplasia, and none, by definition, had multifocal angiomyolipomas. In 11 malignant renal-cell neoplasms, the Fuhrman nuclear grade was 2; in 16 it was 3; and in 2 it was 4. Fifteen malignant neoplasms were stage pT1, three were stage pT2, five were pT3a, and four were pT3b, with one of them having metastases to multiple regional lymph nodes. In two cases, the pathologic stage could not be determined.
The distribution of cases by histologic subtype of the renal-cell neoplasm is presented in Table 2 .
Clear cell (conventional) renal-cell carcinoma was the most common histologic subtype in both sporadic and tuberous sclerosis-associated settings (60% and 64% of cases, respectively; Fig. 2 ). In patients with tuberous sclerosis, 27% of renal-cell neoplasms were oncocytomas, compared with 8% in sporadic cases (P ϭ .15). When oncocytomas and chromophobe renal-cell carcinomas were grouped in a single category, 9 of 36 neoplasms (25%) belonged to this category (27% in patients with tuberous sclerosis, 24% in sporadic cases). Papillary neoplasia (adenoma or carcinoma), chromophobe renal-cell carcinoma, and collecting-duct renal-cell carcinoma were found only in sporadic cases. All renal-cell neoplasms studied by immunohistochemistry (n ϭ 22) were negative for HMB-45, whereas all angiomyolipomas studied (n ϭ 25) showed positive immunostaining in at least 5% of the cells.
Follow-up information was available in 14 patients (Table 3) . Two patients died from metastatic renal-cell carcinoma and one from unknown causes; one developed pulmonary metastasis but has remained stable for 18 months since detection of the metastasis. The remaining 10 patients are alive with no evidence of disease.
DISCUSSION
Tuberous sclerosis is an autosomal-dominant disease, caused by abnormalities at two major loci: TSC1 at Chromosome 9q34 and TSC2 at Chromosome 16p13 (45, 46) . Although many patients have the classical triad of mental retardation, seizures, and facial angiofibromas, it is well known that "formes fruste" of the disease exist (47) . The constellation of lesions developed by these patients includes cerebral tubers, ungual fibromas, fibrous forehead plaques, and rhabdomyomas (38) . The kidney is most commonly affected by the presence of angiomyolipomas, cysts, and less frequently carcinomas (49) . In 1991, Gomez (47) published a list of clinical diagnostic criteria of the disease, including, within the "definitive" category, the presence of multiple angiomyolipomas.
Although most angiomyolipomas are composed of fat, smooth muscle, and abnormal blood vessels, the morphologic spectrum has been recently expanded with the recognition of the monotypic epithelioid variant (38, (41) (42) (43) . These tumors have a striking resemblance to renal-cell carcinoma and often have high-grade histologic features, such as mitotic activity, pleomorphism, and necrosis. Epithelioid angiomyolipoma is malignant and has caused death in 35%-50% of reported cases (38, 41) . Although specific histologic features have been described, immunohistochemistry also is helpful for its diagnosis, including negative reactivity with anticytokeratin antibodies, positive reaction with antibodies to actin, and consistent expression of melanogenic markers, particularly HMB-45, tyrosinase, and microphthalmia transcription factor (50) . Other unusual forms of angiomyolipoma include the lipomatous and leiomyomatous variants, which resemble lipoma or well-differentiated liposarcoma, and leiomyoma or leiomyosarcoma, respectively (51) (52) (53) .
Whether the incidence of renal-cell carcinoma is increased in patients with tuberous sclerosis is still a matter of debate. In the Eker rat, a germline mutation in the TSC2 gene is associated with autosomal-dominant hereditary renal carcinoma (54) . In 1998, Tello et al. (55) conducted a metaanalysis of the relationship between tuberous sclerosis and renal-cell carcinoma and concluded that tuberous sclerosis patients had no increased risk for the development of renal-cell carcinoma. Further, Pea et al. (43) analyzed five cases previously reported as renal-cell carcinoma in tuberous sclerosis and found three of them to be epithelioid angiomyolipomas, suggesting that the incidence of tuberous sclerosis-associated renal-cell carcinoma is lower than some have suggested (4) . We have also seen in consultation cases originally diagnosed as renal-cell carcinomas that turned out to be epithelioid angiomyolipomas. Nevertheless, it has been reported in the literature that isolated renal-cell carcinoma in tuberous sclerosis occurs at a younger age, is more frequent in females, and has a relatively favorable clinical outcome compared with renal-cell carcinoma in the general population (4, 56) .
The coexistence of angiomyolipoma and renalcell neoplasia is uncommon, with slightly more than 50 reported cases in the world literature . Clinicopathologic analysis of these case reports is difficult because most have been published in clinical journals and lack detailed pathologic descriptions and photomicrographs from which histologic type could be confidently discerned. Second, most reports preceded the current classification of renal-cell neoplasia, and histologic typing of the tumors was not performed in most. Third, the studies lack uniform criteria regarding the diagnosis of tuberous sclerosis. Finally, most were published before epithelioid angiomyolipoma was recognized. Despite these obstacles, some conclusions can be drawn from the literature. Of 52 reported cases, 34 (63%) were identifiable as clearcell renal-cell carcinoma; 2 (4%) were papillary (one of them with a coexistent clear-cell renal-cell carcinoma); 2 (4%) were urothelial carcinomas; 6 (12%) were oncocytomas (one with a concurrent transitional cell carcinoma); and in 10 (19%), the tumor was not classified or could not be classified with the photomicrographs provided. One of the cases reported as a clear-cell renal-cell carcinoma was later reclassified by Pea et al. as an epithelioid angiomyolipoma (43) . Twenty-nine cases (56%; 22 females, 7 males) were associated with tuberous sclerosis, whereas 23 (44%; 15 females, 8 males) were sporadic. The mean age for cases related to tuberous sclerosis was 32 Ϯ 16 years, and for sporadic cases, 57 Ϯ 11 years.
In the present study, the cases have been analyzed using uniform criteria both for the definition of tuberous sclerosis and for the types of renal-cell neoplasms. The only caveat in considering our data is the fact that all cases were retrospectively acquired. Because one of the features determining inclusion of a case in the tuberous sclerosis category was multifocality, it is conceivable that a case considered by us as sporadic by virtue of the presence of a single angiomyolipoma recorded at the time of the original reporting may in fact have represented a familial case, if extensive sampling of the kidney had been performed and multifocality demonstrated. We encountered a smaller proportion of tuberous sclerosis-related cases compared with that in previous reports (32% versus 44%). Further, unlike in previously reported cases, we did not find a significant difference in the age of presentation of coexistent angiomyolipomas and renal-cell neoplasms in patients with and without tuberous sclerosis. Coexistent neoplasms were found more frequently in women in keeping with a higher incidence of angiomyolipomas in women. This sex predilection was stronger among patients with tuberous sclerosis. We found no significant difference in the size of the renal-cell neoplasms between sporadic and tuberous sclerosis-related cases.
In sporadic cases, as well as in the setting of tuberous sclerosis, the most common renal-cell neoplasm is clear-cell renal-cell carcinoma. This observation parallels the fact that in the general population, clear-cell renal-cell carcinoma is the most common renal-cell carcinoma. However, it is interesting that in patients with tuberous sclerosis, there was a higher (although not statistically significant) frequency of oncocytomas than in the sporadic cases. Whether this trend would hold in a larger series of cases is unknown. Against this is the observation that all oncocytomas previously reported to be associated with an angiomyolipoma have presumably occurred in sporadic settings (3, 23, 26, 29, 34) . There are also a few reports of oncocytomas not associated with angiomyolipoma arising in patients with tuberous sclerosis (57) (58) (59) , but overall, a higher incidence of oncocytoma in tuberous sclerosis patients has not previously been reported. We also encountered one case of coexistent metanephric adenoma and angiomyolipoma in a patient with tuberous sclerosis. The absence of other subtypes of renal-cell neoplasia associated with angiomyolipoma in patients with tuberous sclerosis suggests that there is no significant association between these neoplasms and tuberous sclerosis. Thus, our data suggest that the only two renal-cell neoplasms in which the tuberous sclerosis genomic alteration could potentially play a contributing role in their pathogenesis are clear-cell renal-cell carcinoma and oncocytoma. This concept is further supported by the fact that all previously reported cases of coexistent angiomyolipomas and renal-cell neoplasia in patients with tuberous sclerosis have been of the clear-cell or unclassified type, except one case of papillary renal-cell carcinoma that coexisted in a kidney with an angiomyolipoma and a clear-cell renal-cell carcinoma (2). Notwithstanding, there have been other types of renal-cell neoplasia (not associated with angiomyolipoma) reported in the patients with tuberous sclerosis, including chromophobe renal-cell carcinoma (60) .
Another intriguing observation in our series is the fact that nine of the 36 cases studied (25%) were oncocytomas or chromophobe renal-cell carcinomas. This significantly increased incidence was seen both in sporadic and tuberous sclerosis cases. Recently, in one of the coauthors' experience (MBA) with a series of 405 consecutive cases of renal-cell neoplasms from a single institution (61), the combined proportion of renal oncocytoma and chromophobe renal-cell carcinoma was 12.6%, compared with 25% in the present study (P ϭ .04). The rationale to group these two kinds of tumors is the emerging evidence that both entities may be in fact related from the histogenetic standpoint. Both chromophobe renal-cell carcinomas and renal oncocytomas are derived from the intercalated cells of the collecting ducts (62, 63) ; share some cytogenetic abnormalities (64) ; have overlapping morphologic (65, 66) , immunohistochemical (67) , and ultrastructural (68) features; and occur in cases of renal oncocytosis (69) . Similarly, in the previously reported cases in the literature of coexisting angiomyolipomas and renal-cell neoplasia, an unusually high incidence of oncocytomas associated with angiomyolipoma is also seen (12%). Whether this overrepresentation of this group of neoplasms in our series and/or in the collective literature is secondary to selection/reporting bias or, conversely, has true pathogenetic implications is unknown at this point.
Finally, our limited follow-up data precludes an accurate analysis of the prognosis of this association of neoplasms or a comparison with isolated renal-cell neoplasia, although it appears that clinical outcome, as expected, is mostly dependent on pathologic stage of the renal-cell carcinomas.
In summary, we have identified 36 cases of coexistent angiomyolipoma and renal-cell neoplasia from the surgical pathology files of nine institutions and consultation files of the authors, rendering the largest series to date of this unique association of neoplasms. Most of our cases occurred in patients without a history of tuberous sclerosis. Although the most common subtype in both sporadic and tuberous sclerosis-associated settings was clear-cell (conventional) renal-cell carcinoma, a slightly higher proportion of oncocytomas and chromophobe renal-cell carcinomas was seen in both settings, compared with their combined prevalence in a series of sporadic renal-cell carcinomas (61) . This observation warrants further study regarding a possible shared mechanism in the pathogenesis of angiomyolipoma and renal oncocytoma, as well as chromophobe renal cell carcinoma.
